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CHAPTER I 
INTRODUCTION 
Controversy over various testing practices has been 
a topic of debate for many years. Testing instruments have 
long measured aptitude or achievement in situations such as 
college admissions and employment. But more recently their 
fairness and appropriateness as deciding factors have be-
come a major concern for researchers. The issue of bias in 
measurement and selection has become more pressing and now 
demands further empirical investigation. 
Several methods have been proposed and employed to 
assess the problems of test bias and item bias. Models in-
vestigating test bias try to determine if a test favors in 
an unfair manner a particular group, e.g., cultural bias 
or sex bias. Models investigating item bias attempt to 
determine if specific items within a test display varying 
response patterns for persons of equal ability. The latter 
methods are helpful in identifying and eliminating biased 
items from aptitude or achievement tests, thereby making 
test results less prejudicial. 
More and more use has been made recently of models 
1 
based on latent trait theory and the item characteristic 
curves in assessing item bias. Latent trait models assume 
homogeneity of the test and measure a latent variable. A 
latent variable is one that is not directly observable and 
is inferred from the observable data. 
2 
Scheuneman (1979) describes the item characteristic 
curve as the conditional probability function of a correct 
response to the item given the ability level. A relevant 
feature of this item characteristic curve is that it re-
mains constant for different groups for whom the test is 
designed. 
Latent trait models may include as many as three 
parameters in their analysis of measuring a latent vari-
able. They have traditionally been item difficulty, item 
discrimination, and guessing. 
The Rasch model is a simplified model among these 
latent trait models and concerns itself with only one para-
meter, the index of item difficulty. The model does not 
allow for guessing and assumes a common level of discrimi-
nation for all items. According to the Rasch model, the 
probability of a correct response to an item is entirely 
governed by (1) person ability and (2) item difficulty. 
In other words, a more able person has a better success 
with any item; put differently, an easier item is more 
likely to be solved by any person. Moreover, the applica-
tion of this model achieves the aim of person free and 
3 
test free measurement. The end result is reportedly an un-
biased measurement of the variable. 
The overall purpose of the present study is to make 
an application of the Rasch Model to calibrate items in the 
Dental Aptitude Test and to detect presence of any bias in 
those items. Dental Aptitude Test scores are utilized 
nationwide as a major criterion for admission to American 
dental schools for hundreds of students. 
The Dental Aptitude Test is composed of four major 
areas: Quantitative Ability, Reading Comprehension, 
Science Comprehension, and Perceptual Ability. The present 
investigation focuses primarily on the fifty items which 
make up the Quantitative Ability test of the DAT. 
The objectives of this study, then, are twofold: 
to demonstrate one more application of the Rasch Model in 
the area -of item bias detection, and to improve the testing 
instrument by proposing the elimination of any unsuitable 
items where substantial bias is detected. 
CHAPTER II 
LITERATURE REVIEW 
The literature review included here is made up of 
the history and format of the Dental Aptitude Test, 
various methods used in the study of item bias analysis, 
and the latent trait models with special emphasis on the 
one parameter Rasch Model. Various applications of the 
Rasch model, including criticism of the model have also 
been reviewed. 
Dental Aptitude Test 
History: Most professional schools desire to 
attract able students who demonstrate sufficient aptitude 
toward that profession. Dental schools too have been in-
terested in selecting and training those students who are 
likely to become competent dentists. 
As Shailer Peterson (1945) reported, dental schools 
did not have any formal centralized aptitude testing pro-
gram prior to 1945. Applicants to the dental schools were 
selected on the basis of previous academic records, or 
personal interviews, or references. As a result, often 
4 
some schools admitted students whose chances of becoming 
good dentists were not very good. 
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Some scattered studies on aptitude testings were 
conducted in late 30's and early 40's but were never pub-
lished or mentioned in the dental professional literature. 
As a result, the attempt by the American Dental Associa-
tion's Council on Dental Education to study problems of 
aptitude testing as it is related to dentistry was a major 
one. The Committee considered employing some of the better 
mental ability examinations already in existence but they 
had a challenging job ahead to construct special tests for 
such traits as manual skills and also measure the student's 
ability to comprehend reading materials typical to dental 
studies. 
The first of the dental aptitude tests was given to 
the 1946-47 freshmen as they entered dental schools (Peter-
son, 1948). These initial tests began with students who 
were already admitted to the dental schools and it was not 
until later that the test results were used for admission 
purposes. 
Form and Content of the Dental Aptitute Test: The 
present form of the DAT is a combination of examinations 
measuring both aptitude and, to a degree, achievement. The 
aptitude exams measure basic skills: vocabulary, reading, 
mathematics, and perceptual ability. The achievement 
exams in the DAT, for the most part, attempt to rank the 
candidates in the areas of biology, organic chemistry, and 
inorganic chemistry as assimilated in the predental educa-
tion curricula. This dual character has been found in the 
DAT from almost the very. beginning of the program. 
The dental admission tests are designed to predict 
in two areas, the theoretical or academic and the techni-
cal or manual. The different types of predictive tests 
included in the DAT program are designed to measure (1) 
Quantitative/Verbal Ability, (2) Reading Comprehension, 
(3) Science Comprehension, and (4) Perceptual Ability (two 
or three dimensional). 
6 
The DAT scores are reported to the dental schools 
in terms of standard (rather than raw) scores, and it is 
therefore possible to compare the performance of one appli-
cant with the performance of all applicants on any or all 
of the measures included in the program. 
The Division of Educational Measurement (DEM) has 
conducted several national validation studies. In the ab-
sence of such widespread validation studies on a local 
basis (to complement the studies done by the DEM), most 
dental schools rely on the DEM to do the validity studies 
for the Dental Aptitude Test. 
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In a study conducted by the DEM, in cooperation 
with the Council of National Board of Dental Examiners of 
the American Dental Association, an attempt was made to 
demonstrate the relationship between the admission criteria 
(predental GPA and the DAT scores) with subsequent perform-
ance in dental schools (National Board scores for Part I 
and II). Most of the correlations in the analysis were 
found to be significant. 
In a survey conducted by the DEM in the fall of 
1974, it was found that, out of the 59 dental schools that 
participated, 75% ranked the DAT as the second most impor-
tant factor for student acceptance. (The first was pre-
dental GPA: 93%) 
In general, a great majority of the dental schools 
find the DAT to be important and useful as a criterion upon 
which to base judgments in assessing applicants for dental 
schools. 
Item Bias Detection Methods 
There are many methods of detecting item bias. 
Various methods include techniques that examine (a) differ-
ences in relative item difficulty across different groups 
(Angoff and Ford, 1973; Echternacht, 1974); (b) differences 
in item discrimination across groups (Green and Draper, 
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1972; Ozenne, Van Gelder, and Cohen, 1974); (c) differences 
in item characteristics curves for different groups (Lord, 
1977; Scheuneman, 1975, 1976, 1978, 1979); (d) differences 
in distribution of incorrect responses for various groups 
(Veale and Foreman, 1976); and (e) differences in multi-
variate factor structures across groups (Green, 1976; Merz, 
1976). 
If all item bias approaches were to identify the 
same items as biased, any method could be used that is most 
simple and least expensive; but if different approaches 
identify different items as biased, their validity needs to 
be determined. Ironson and Suboviak (1979) examined four 
methods--transformed difficulty, chi-square, item character-
istic curves, and difficulty discrimination differences. 
Test data from two diverse cultures (Blacks and Whites) 
were analyzed to determine agreement among the four methods 
of item bias. For the 150 items analyzed, the first three 
methods showed agreement; however, there was little corre-
lation between the fourth method (discrimination differ-
ences) and the others. 
Some studies of item bias detection have employed 
analysis of variance approaches. Cardall and Coffman (1964) 
used a two-factor analysis of variance to analyze the re-
sponses with items (on Scholastic Aptitude Test) as one 
9 
factor and the race (Blacks, Whites, and rural college 
applicants) as the other. Significant interaction between 
item and race was found which meant that certain items were 
easier in relation to most of the other items for one group 
than for another. 
Cleary and Hilton (1968) used a three-factor analy-
sis of variance with the items on Preliminary Scholastic 
Aptitude Test, race (Blacks and Whites), and three levels 
of socio-economic status as their factors. They concluded 
that PSAT was not biased for the groups studied since the 
item x race interaction was not significant. 
Angoff and Sharon (1974) conducted a two-factor 
analysis of variance among the 40 items of the Vocabulary 
test of TOEFL for six language groups and found the item x 
group interaction significant indicating that some items 
were relatively more difficult for some groups than for 
others. 
But a major limitation of the factor analytic tech-
nique is that it does not identify the specific items that 
contribute to the interaction; i.e., which items are deviant 
(Angoff and Sharon, 1974). 
10 
Latent Trait Models 
A latent trait or variable has been defined as the 
attribute that is not directly observable and is inferred 
from the responses of subjects to the items (Lord and 
Novick, 1974; Hambleton and Cook, 1976; Hashway, 1978). 
A latent trait model specifies a relationship bet-
ween observable test performance and unobservable traits 
(or abilities) assumed to underlie performance on the test 
(Hambleton and Cook, 1977). Among others, Birnbaum's two 
parameter model and Lord's three parameter models are more 
popular. A latent trait model may include parameters of 
item difficulty, item discrimination, and guessing. 
Recent works by various researchers using latent 
trait models to a broad variety of educational and psycho-
logical testing situations have helped these models gain 
prominence. But the practicality of these models in their 
application has been limited for several reasons (Hambleton 
and Cook, 1977). Latent trait models are 'mathematical' 
models and advanced mathematical skills are necessary to 
understand the complexities of the model. Often a very 
large number of subjects and a great amount of expensive 
computer time is required to achieve proper estimations. 
Moreover, the results of various studies have been mixed as 
to the robustness of various latent trait models. 
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The three fundamental notions of latent trait 
models are: (1) unidimensional latent space, (2) local in-
dependence, and (3) item characteristic curves (Hambleton 
and Cook, 1977). The probability that a subject will re-
spond correctly to an item is assumed to be a function of 
the subject's position on a latent trait continuum or 
dimension; that is, the higher a subject's position on the 
latent dimension, the greater the probability that the sub-
ject will respond correctly to the item (Hashway, 1978). 
One Parameter Rasch Model 
Of all latent trait models proposed for person 
measurement, the Rasch Model has the fewest ingredients 
(Wright, 1977). George Rasch (1966), a Danish mathemati-
cian, gets the credit for developing this probabilistic 
model concerned only with item difficulty and person 
ability~ This model may be considered as a special case 
of Birnbaum's two parameter model, in which all items are 
assumed to have equal discriminating power and vary only 
in item difficulty (Hambleton and Cook, 1977). The Rasch 
procedure purports to result in tests that are both sample-
free and item-free; i.e., the score results are not a 
function of the items used to construct the tests or the 
samples used to calibrate the instrument (Hashway, 1978). 
There are two related assumptions: (1) for a given 
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item, an able person is always more likely to be right than 
an unable person, and (2) a given person is always more 
likely to answer an easy item correctly than a difficult 
one (Mead, 1976). 
An item difficulty may be defined as the point on 
the latent continuum where the probability of a subject 
responding correctly to the item is .5 (Hashway, 1978). 
The item would appear to be more difficult as its diffi-
culty index increases. The ability level of the person 
marks their location on this line or continuum (Wright, 
1979). 
The item difficulty is described as di for each 
item i and the latent ability is described as Bv for each 
person v. Both of these are used in the Rasch model to 
determine the probability of person v answering correctly 
to the item i. Their difference (Bv - di) governs this 
probability. Either parameter, and their difference, may 
vary from minus infinity to plus infinity, but the proba-
bility must remain between zero and one (Wright, 1977). 
To deal with this feature, the difference Bv - di 
becomes the exponent of a base, e(Bv- di), which is used 
in the ratio of the Rasch probability of a correct re-
sponse (Holm, 1980) : 
1 + e(Bv - di) 
Figure 1 shows the Rasch probability Pvi of a 
correct answer: 
FIGURE 1 
THE RASCH MODEL CHARACTERISTIC CURVE (WRIGHT, 1977) 
Probability 
of a right 
answer 
1.0 
0.5 
0.0 
= 
-2 0 2 
1 + e (Bv - di) 
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To explain this, when the person v has more of the 
latent ability than required by item i, their difference 
will be positive and that person v's probability of success 
on item i is greater than 0.5. In other words, the greater 
this positive difference, the higher the probability of 
success. Conversely, when item i is more difficult than 
the ability of person v, their difference will be negative 
and success probability will be less than 0.5. As this 
negative difference increases, probability of success de-
creases. 
The mathematical form of the model uses a unit 
called the logit. A person's latent ability is their natu-
ral log odds for a positive response to items chosen to 
define the scale origin (or zero). 
The equation for probability of success is: 
eB(l + eB) 
the equation for their success odds is: 
P/(1 - P) = eB, the natural log of which is B. 
Likewise, the probability of failure (wrong answer) 
is concerned with the natural log odds for failure on the 
item in question. 
The equation for probability of success for persons 
with B = 0 is: 
e-dj(l + e-d) 
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the equation for their failure odds is: 
(1 - P)/P = ed, the natural log of which is d. 
The probability of a correct response depends on 
the difference between the person ability and item diffi-
culty (Bv- di). Because of this, any constant may be 
added or subtracted without influencing their difference 
on the probability of success. As a result, the value of 
zero of the latent variable can be placed at any point on 
the scale: (1) at the easiest item or least able person, 
( 2) at the mean difficulty, or ( 3) placed in such a way as 
to avoid negatives (Wright, 1977). 
The Rasch model assumes that each item has its own 
characteristic curves and that the probability of respond-
ing correctly to an item is a monotonic increasing function 
of the difference between Bv - di (Hashway, 1978). 
Rasch Model Applications 
The Rasch model, with its straightforward approach, 
has immediate relevance to contemporary measurement prac-
tice and has extensive possibilities for solving measure-
ment problems (Wright, 1977). It states only that when a 
person encounters any item, the outcome is influenced by 
the ability of that person and the easiness of the item 
(Wright and Panchapakesan, 1969). 
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One requirement of the model is that all items in 
the testing instrument measure the same trait or they will 
not fit together. A good fit to the model implies that 
item discriminations are uniform and substantial and that 
guessing is not influential (Holm, 1980). This 'fit' 
property enables one to remove 'non-fitting' items. 
Applications: Rentz and Bashaw (1977) developed 
National Reference Scale (NRS) for Reading (1975) as a 
result of analysis of data from the equating phase of the 
Anchor Test Study using item analysis and scaling methods 
of the Rasch Model. Besides providing some evaluation of 
the appropriateness of the Rasch model for equating the 
tests, this study also appraised the general theoretical 
framework for evaluating the fit of the Rasch model. 
Tinsley and Dawis (1977) investigated the use of 
the Rasch simple logistic model in obtaining test-free 
ability estimates. Two tests were administered to college 
and high school students, and differences between scores 
on each pair of tests were analyzed to determine whether 
the ability estimates were independent of the tests em-
ployed. The results indicated that the raw score ability-
estimates are influenced by the difficulty of the items 
used in measurement but that the Rasch ability estimates 
are relatively independent of the difficulty of these items. 
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Slinde and Linn (1978) have investigated the appli-
cation of the Rasch model to derive satisfactory vertical 
equating of tests and found the model adequate in providing 
sample-free item calibration and item-free person measure-
ment. In a reanalysis, as a result of Gustafsson critique 
(1979), the model was found to be inadequate in that it did 
not work well when differences in group ability and test 
difficulty were extreme (Slinde and Linn, 1979). 
Holm (1980) studied the Rasch application in the 
area of personality and behavior measurement, an area that 
is not much explored by researchers in using the Rasch 
model. The study was done to determine if the 21 items in 
the Student Version of Jenkins Activity Survey could be 
calibrated using the Rasch model, and the conclusion was 
that the Rasch one parameter model was not only a reason-
able approach to creating a Guttman scale but also assisted 
in creating an interval measure. 
Forbes and Ingebo (1975) have reported the results 
of a study of the Rasch item difficulty invariance proper-
ty. Items calibrated using 12 different groups of 
seventh-graders resulted in rank difference correlations 
of 1.0 between item difficulty estimates. They found that 
it was possible to obtain Rasch item calibrations from a 
composite item pool without first performing a subtest 
18 
breakdown. 
Many other current Rasch calibrations have been 
(1) in the areas of aptitude, achievement, and intelligence 
tests, (2) in the forming of item banks of sets of commonly 
calibrated items which make implementation of tailored 
testing simple and efficient, and (3) in detecting of item 
bias. 
Urry (1977) discusses the successful application 
of the latent trait theory to tailored testing and shows 
that it can be economically applied to practical problems 
in educational measurement--in the areas of aptitude and 
achievement testings, among others. 
Bias may exist because some persons may be unfa-
miliar with certain expressions or because of terms which 
do not bear directly on the ability being measured. But 
statistical detection of item bias is possible using Rasch 
residuals which provide objective quantitative basis for 
removal of such items (Wright, Mead, and Draba, 1976). 
Criticism: The Rasch applications in various 
areas are not without criticism, and there is an ongoing 
debate between those who advocate it and those who hold 
certain reservations about the extent to which the model 
serves some goals of measurement. 
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A study of selected biased item detection tech-
niques, using the Monte Carlo generated item response data, 
was conducted (Rudner, Getson, and Knight, 1980) to deter-
mine their effectiveness, sufficiency and similarity in 
detecting item bias. The three-parameter latent trait 
model and the 5-interval chi-square techniques produced 
satisfactory results while the one-parameter Rasch model 
was found generally unsatisfactory. The authors suggested 
that one reason for such performance could be that since 
the Rasch model concentrates on item difficulty, a biased 
item detection technique based on this model might be ex-
pected to be sensitive mostly to bias in item difficulty. 
In the analysis, the best fits were obtained whenever the 
items of the test were equally discriminating and poorest 
when they were not. 
While Slinde and Linn (1978) found the Rasch model 
adequate for vertical equating of tests, Loyd and Hoover 
(1980) discovered a lack of consistency among equatings 
on three levels of a mathematics computation test. 
Whitley and Dawis (1974) presented the Rasch model 
in the context of least square estimation and noted some 
features that may limit the utility of the model in test 
development. In response to Wright's comments (1977) on 
their conclusions, a Whitley study (1977) notes again that 
20 
"the Rasch calibrated items may result in tests which are 
objective only in a narrow sense, and that for a reasonably 
powerful statistical test, the Rasch model requires rather 
large sample sizes." 
Summary: Dental Aptitude Test, since its inception 
in 1945, has proved to be a very useful instrument in eval-
uating the caliber of dental school aspirants. Its various 
tests are designed to measure both aptitude and achievement 
of the applicants, and provide the dental schools with a 
good standard on which to base their judgments for student 
acceptance. 
The theory of latent trait models did not come in 
limelight until quite recently. A latent trait model at-
tempts to explain examinee performance on a test by defin-
ing some characteristics (or traits) of examinees. The 
general theory traditionally includes three parameters: 
latent space, local independence, and item characteristic 
curves. 
The Rasch model, although developed independently 
of other latent trait models, is viewed as a one-parameter 
latent trait model, which assumes equal discrimination for 
all items and does not allow for guessing. The only para-
meter it is concerned with is item difficulty. 
21 
Some of the appealing features of the Rasch model 
are its relative simplicity (a single parameter character-
izing items); its computational easiness; its uniqueness 
for dichotomous items; and consistent and sufficient esti-
mation for person and item parameters (Slinde and Linn, 
1978) • 
CHAPTER III 
METHOD 
The main purpose of the present study was to de-
termine the utility of the Rasch one parameter latent model 
in detecting presence of any item bias in the Dental 
Aptitude Test. The DAT is made up of four major subtests. 
This research project has focused primarily on the Quanti-
tative Ability test of the DAT. 
Item bias has been variously defined as item dis-
crepancy (Angoff, 1980) or unexpected performance differ-
ence (Scheuneman, 1980) or bias in the absence of an 
external criterion (Ironson and Suboviak, 1979). For the 
purpose of this study, item bias is defined as follows: 
"An item of a test is said to be biased for members of a 
particular group if, on that item, the members of the 
group obtain an average score which differs from the aver-
age score of the other groups by more or less than 
expected from performance on other items of the same test" 
(Cleary, 1968). 
Sample 
The sample used in this study was drawn from those 
22 
23 
subjects who took the Dental Aptitude Test in April, 1980. 
The SPSS (Statistical Package for Social Sciences) random 
sample generating procedure was utilized to select the 
sample based on the applicants' social security numbers. 
Approximately 10% of the Whites who took the test were se-
lected as the control group. The minority groups--Blacks 
and Hispanics as well as Males and Females--were randomly 
selected from the total population and matched with the 
control group size. The resultant sample to be analyzed 
consisted of 285 Whites, 325 Blacks, 234 Hispanics, 322 
Males, and 347 Females. 
Instrument 
The Dental Aptitude Test consists of four major 
subtests: Quantitative Reasoning Test, Reading Compre-
hensive Test, Survey of Natural Sciences, and Perceptual 
Ability Test. The present study deals only with the 
Quantitative Ability aspect of the DAT. 
It measures the candidate's ability to reason with 
numbers, to manipulate numerical relationships, and deal 
intelligently with quantitative materials. 
The test is divided into two sections: (1) Mathe-
matics, and (2) Problems in Math Usage. Example questions 
from each section are as follows: 
Example of Section 1 question: 
If 15 is to 75 as 2 is to SY, what is Y? 
a) 2 
b) 5 
c) 10 
d) 15 
e) 4 
Example of Section 2 question: 
Find the number of minutes after 3 o'clock when 
the minute hand is directly over the hour hand. 
a) 15 5/12 
b) 16 
c) 17 
d) 16 4/11 
24 
Both sections have 25 items each making a total of 
50 items (or questions) for the Quantitative Reasoning 
Test. It is a multiple choice examination and has an im-
plicit set of instructions for its completion. 
Procedure 
Admission of this test is handled by the American 
Dental Association. It is offered twice a year--April and 
October--to those aspiring to enroll in dental schools. 
The students do not exactly pass or fail this test because 
of the conversion of the test scores into standard scores. 
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Scores used in the testing program range from a -1 to a 
+9; a score of 4 signifies average performance on a nation-
al basis. 
The students were given answer sheets that are 
corrected by the computer. They were asked to mark the 
correct answer for this multiple choice examination by 
blackening the space before that choice with a pencil. If 
more than one choice were marked, the answer was voided 
and considered wrong. 
Analysis 
The Rasch model was used to analyze the data. Each 
question had five answers from which to choose. The fifty 
items were questions 1 to 25 and questions 51 to 75. The 
sequence numbers given to them were from 1 to 50. 
The computer program utilized to perform data anal-
ysis is BICAL (Mead, Wright, and Bell, 1979). Basic 
assumptions of the Rasch model are that an easy item (less 
difficult) will be answered correctly by most people--from 
the more able to less able, and that more difficult items 
will be more likely answered correctly only by more able 
persons. 
The analysis consisted of outputs for five different 
groups: Whites, Blacks, Hispanics, Males, and Females. 
The Rasch calibrations begin with editing the data to re-
move persons or items for which no definite estimate of 
ability or difficulty can be made. All fifty items were 
retained, but for each of the five groups, different num-
bers of subjects were removed based on their scores. A 
range of minimum and maximum scores was established at 8 
and 45 for Hispanics, Blacks, and Males, and at 10 and 45 
for Females and Whites. 
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All persons below the minimum and above the maxi-
mum were removed and the final calibration sample consisted 
of 264 Whites (out of 285), 292 Blacks (out of 325), 225 
Hispanics (out of 234), 320 Males (out of 322), and 329 
Females (out of 347). 
The BICAL output gives subgroups of the calibrated 
sample by their score level. The ability progresses across 
the subgroups; that is, the higher ability score groups 
should have greater proportion of correct responses and so 
demonstrate the best fit of the items. If an item fails 
to show this increasing proportion of correct responses 
across the ability subgroups, that deviation may be due to 
some problem with either the items or the persons in the 
calibrating sample or both. 
When the expected increasing progression of the 
items across subgroups does not occur, some of the ability 
subgroups demonstrate a similar proportion correct {Holm, 
1980). What it means is that, for example, instead of an 
increasing progression across the six ability subgroups, 
an item may demonstrate differentiation of only four sub-
groups--less than the predefined six subgroups. 
In another situation, an item may show a higher 
proportion of correct responses among lower ability sub-
groups than those of higher ability. This also is not a 
predicted outcome. Such items and individual response 
patterns deviating from expectations should be further 
examined to determine why a higher ability person failed 
a relatively easy item or why a lower ability person re-
sponded positively to a more difficult item. 
Various statistics provided by the BICAL are as 
follows: 
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The item characteristic curve shows the proportion 
of correct answers given by each ability group to each 
item. These item characteristic curve values increase 
from left to right--from low ability to high ability sub-
groups. 
The analysis of fit displays a series of fit mean 
squares. These fit statistics are mean square standardized 
residuals for item by person responses {Wright and Stone, 
1979). They are averaged over persons and partitioned into 
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two components--between groups and within groups. A refer-
ence value of 1 is established. As these mean squares 
become greater than 1, the observed ICC departs from the 
expected ICC. This is the situation where (1) many high 
ability persons fail an easy item or (2) many low ability 
persons pass a difficult item. 
The between group mean squares evaluate the agree-
ment between the expected ICC (the Rasch model ICC) and 
the obtained ICC over the ability subgroups. 
The total t-test mean squares consider the general 
agreement between all items that define the variable and 
the particular item in question over the whole sample. 
Here too, the reference value is that of 1. As the total 
mean squares depart significantly from the value of 1, 
those items deviate from the expected responses of the 
model. 
The statistical significance of such large mean 
squares may be determined by comparing the observed values 
with their expected standard error (Wright and Stone, 
1979). The smaller the fit mean square obtained for a 
particular item, the greater the correspondence between 
the observed and the expected characteristic functions. 
The discrimination index describes the linear trend 
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of departures from the Rasch model. Since the model 
assumes that all items have the same discrimination index, 
this index is 1.0 for all items. An index value near 1 
implies close approximation of the observed and the ex-
pected ICC's. An index substantially less than the refer-
ence value of 1 indicates that the particular item fails 
to differentiate among abilities as well as other item do. 
This is characterized by an observed ICC that is flatter 
than expected. An index value substantially higher than 
1 signifies those items which give the appearance of dis-
criminating better than the other items. This unusual 
discrimination may be caused by local interaction between 
secondary characteristics or item over-fit. 
The point biserial coefficient shows the relation-
ship between a continuous variable and a categorical 
variable (Holm, 1980) • The point biserial correlation 
between item response and total test score will be lower 
when the item discrimination index is much less than its 
reference value of 1. It is influenced in its magnitude 
by how central the item is to the sample or how dispersed 
in ability the sample is (Wright and Stone, 1979). The 
point biserial of a given item is largest when the persons 
in the sample are spread out in scores and centered on 
that item. Conversely, as the variance in person scores 
decreases (or the sample level moves away from the item 
level) so that the p-value (proportion of items correct) 
approaches zero or one, the point biserial decreases to 
zero regardless of the quality of the item (Wright and 
Stone, 1979). 
Rasch Item Calibration Steps 
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The basis of this model is that a more able person 
should always have a greater chance of success on any 
item, and that any person should always have a better 
chance of success on an easy item. Then the probability 
of success on any item is the result of the difference be-
tween the person's position on a single variable and the 
item's position on that same variable. 
The analysis assumes that both person ability (Bv) 
and the item difficulty (di) are more or less normally 
distributed with a mean M and standard deviation S.D. 
After the differences between person ability and 
item difficulty (Bv - di) were estimated, residuals (the 
fit mean squares) were calculated from the model expecta-
tions. They were examined further to determine their fit, 
i.e., their approximation to the reference value of 1. 
For calculation of item calibration, after the 
initial item calibration was obtained, sample free cali-
bration was calculated. To adjust for the sample spread, 
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a Rasch difficulty estimate (Wright, 1977) was used. 
d· = M + YlnL_-(N - S ·) /S · 7 1 1 1-
Where N = total number of persons in the sample 
M = expansion factor 
y = (1 + v/2.89)~ 
v = variance over persons 
d· = item difficulty l 
S· 1 = item score 
Standard error of the item calibration is 
= Y /-N/S · (N - S · ) 7~ 
- 1 1 -
The Rasch model for binary observations defines 
the probability of a response Xvi to item i by person v 
as 
p xvi/Bv, d· = expL_Xvi (Bv - dill I 1 + exp(Bv - d.) 1 1 
Where xvi = 1 = correct 
0 = incorrect 
B = parameter of ability of person v 
v 
d· = parameter of difficulty of item i. 1 
CHAPTER IV 
RESULTS 
The results of this investigation were expected to 
achieve two objectives: (1) to determine if the data 
(items) fit the Rasch Model, and (2) to see if significant 
bias is present in those items. 
The data to be analyzed were divided into five 
groups: White, Black, Hispanic, Male, and Female. Com-
parisons were made between White and Black (W/B), White 
and Hispanic (W/H), and Male and Female (M/F) with White 
and Male as the control groups. 
Table 1 shows the alternative response frequencies 
of each group to the 50 items. The second column identi-
fies the items by question numbers. 1 and 0 denote correct 
and incorrect response respectively. It can be observed 
that, while this is not a completely consistent pattern, 
items 43 and 47 show more positive responses for all groups, 
and so put them among the easiest of items. Item 36 shows 
fewer positive responses (W = 51, B = 45, H = 34, M = 61, 
and F = 57) making it one of the most difficult items. 
32 
33 
TABLE 1 
Alternative Response Frequencies 
Seq. Item 
" 
B H M F 
No. No. 0 1 0 1 0 1 0 1 0 1 
~ ~;1 156 12 237 BE 152 82 186 136 208 139 2 181 10~ 259 6E 166 68 206 116 2112 lOS 
3 Q2 181 10" 2711 5 176 58 195 127 212 135 
lj QS2 182 10• 267 SE 168 66 185 137 233 111f 
5 Q3 153 13 216 10~ 1113 91 170 152 182 165 
6 QS3 130 15' 2118 7 1119 85 1118 1711 170 177 
7 Qli 136 14~ 246 7~ 1111 93 145 177 161 186 
8 QSli 158 12 262 6 1611 70 176 1116 2111 133 
9 QS 167 11E 240 B~ 141 93 185 137 231 116 
10 QSS 131 15~ 237 BE 1119 85 137 185 190 157 
11 Q6 1110 111~ 219 10 157· 77 150 172 211 136 
12 Q56 118 16 217 10 1115 89 151 171 195 152 
13 Q7 138 14 2211 10 1111 93 158 164 173 171f 
111 QS7 161 12~ 2211 10 136 98 163 159 1911 153 
15 QB 117 16E 202 12 138 96 133 189 166 181 
16 QSB 193 9~ 260 6 180 54 211 111 216 131 
17 Q9 131 15~ 237 8 153 81 1111 181 178 169 
18 Q59 .134 15 231 9 145 89 1113 179 191 156 
19 QlO 1111 lliE 230 9 134 100 135 197 179 168 
20 Q60 169 11 295 II 193 51 212 110 2112 105 
21 Q11 132 15 252 7 161 73 139 183 193 1611 
22 Q61 219 6 299 3E 199 35 2113 79 275 72 
23 Ql2 113 17 232 9 129 105 132 190 166 191 
211 Q62 169 11E 227 9E 152 82 163 159 179 169 
25 Ql3 102 18 170 15 117 117 91 231 129 218 
26 Q63 1711 11 2'29 9~ 151 93 197 125 220 127 
27 Q11i 107 17E 176 14~ 118 116 110 212 161 186 
28 Q61i 133 15 220 10 138 96 148 174 179 169 
29 QlS 118 16 229 9E 1211 110 113 209 158 189 
30 Q65 177 lOE 249 7f 155 79 166 156 2111 133 
31 Q16 129 15£ 201 12L 122 112 163 159 1611 183 
32 Q66 219 6 294 3 203 31 238 811 269 78 
33 Ql7 1111 lliL 2110 8~ 165 69 154 168 196 151 
311 Q67 222 6 290 3~ 198 36 256 66 277 70 
35 Q19 131 15L 2111 11 1113 91 1117 175 178 169 
36 Q69 2311 51 290 lj~ 200 34 261 61 290 57 
37 Ql9 129 15 222 10 156 78 126 196 192 155 
39 Q69 166 119 239 8 155 79 184 138 230 117 
39 Q20 1211 161 231 9L 150 94 151 171 187 160 
110 Q70 196 99 266 5~ 178 56 201 121 236 111 
Ill Q21 123 16.< 193 13 139 96 116 206 169 178 
112 Q71 206 7S 282 lj 187 117 226 96 262 85 
113 Q22 98 18 158 16 102 132 108 2111 119 228 
"" 
Q72 195 9C 280 lj 189 liS 233 89 21111 103 
115 Q23 1111 17 221 10t 125 109 108 2111 172 175 
116 Q73 150 135 226 9 128 106 152 170 183 1611 
117 Q21i 98 18 188 13 Bli 150 1011 218 1110 207 
liB Q71i 195 9C 273 5 192 112 211 111 261 86 
119 Q25 123 16~ 195 13 115 119 139 183 169 178 
so Q75 1911 9 293 3 199 35- 216 106 2711 73 
- - - - - - - - - - - - - - -
10 = incorrect answer W = White H = Hispanic F = Female 
L= correct answer E = BJa,..k M = Male 
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Tables 2 - 6 display, for all five groups, the con-
version of raw scores into log ability measure (or logits) 
and the standard errors for each score, and the number of 
persons obtaining each score. When the log ability for 
each group was graphed on an x and y axis, the resultant 
test characteristic curves were found to be in accordance 
with the Rasch model. These curves are also included in 
Tables 2 - 6. 
The range of the person ability for each group is 
as follows. It seems reasonable to assume from this that 
the groups do not differ markedly in abilities. 
White Black Hispanic Male Female 
High 2.34 2.33 2.33 2.34 2.32 
Low -1.48 -1.76 -1.76 -1.76 -1.46 
Mean - .16 -1.13 - .73 - .07 - .36 
Ability 
Standard .84 .50 .62 .69 .73 
Error 
The fit statistics and the item characteristic 
curves for the 50 items of the Quantitative test for the 
five groups (White, Black, Hispanic, Male, and Female) are 
presented in Tables 7 - 11. They include the division of 
the calibration sample into six ability subgroups (from 
low ability to high ability) by their score level, and 
their departures from the expected item characteristic 
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curves. The following is a comprehensive percentage re-
presentation of persons for each of the subgroups for the 
five groups under consideration. 
Sub- White Black Hispanic Male Female 
groups % % % % % 
1 14.4 21.2 16.0 17.2 16.7 
2 16.3 11.6 19.1 15.9 14.6 
3 16.7 18.2 14.6 17.2 13.7 
4 18.9 18.2 14.6 15.0 15.5 
5 17.4 17.5 16.9 17.2 14.6 
6 16.3 13.4 18.7 18.7 25.2 
Figures 2 and 3 graph the cumulative ability for 
each of the five groups. Figure 6 graphs the ability 
for W, B, and H; Figure 7, M, and F. A quick glance at 
these figures indicates once again that the calibrated 
sample represents persons of more or less equal ability. 
Most items in the test followed a reasonable pro-
gression across ability subgroups as expected, and 
exhibited total fit mean squares close to 1. As Hashway 
(1978) explains, when six subgroups are used for cali-
bration, the critical value of the F-ratio at the .05 
significance level is 2.2 (F.05; N-l,c<), where N =score 
subgroups). Thus, an item with the fit mean square value 
of less than 2.2 is said to fit the Rasch model. Those 
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FIGURE 2 
CUMULATIVE ABILITY DISTRIBUTION BY SUBGROUPS 
WHITES, BLACKS, HISPANICS 
w 
H 
B 
-·-·-·-
1 2 3 4 5 6 
Ability Subgroups 
47 
FIGURE 3 
CUMULATIVE ABILITY DISTRIBUTION BY SUBGROUPS 
MALES, FEMALES 
M 
F ------
100 
80 
20 
1 2 3 4 5 6 
ABILITY SUBGROUPS 
with larger than 2.2 fit mean squares demonstrate a lack 
of fit between the expected (Rasch model) and the ob-
served item characteristic function. 
48 
None of the items in the present analysis demon-
strated such a significant departure from the model having 
a fit mean square value well below 2.2. However, a few 
items displayed flatter item characteristic curves than 
expected. Items with considerable differences were found 
to be numbers 1, 20, 26, 36, and 42 (sequence numbers). 
Table 12 shows relevant fit statistics for these items. 
Column 1 identifies the questions by their sequence num-
bers. Columns 2, 3, and 4 are the mean square residuals 
for within group, between group, and the total test. 
Columns 5 and 6 are values for discrimination indexes and 
point biserial correlations. Column 7 represents the 
number of persons who did not answer the particular ques-
tion under consideration, followed by Column 8 which 
considers the groups involved. 
Since these items were found to be 'out of line' 
and not fitting the model expectations, they were further 
examined. Comparisons were made between groups W/B, W/H, 
and M/F. It is of particular interest to note that while 
the Hispanic group demonstrated differences in their mean 
square values, the differences were not as substantial 
49 
TABLE 12 
FIT STATISTICS FOR SELECTED ITEMS 
Seq. W/Grp. B/Grp. Total Disc. Point Unknown Grp. 
No. Index Biserial Score * 
1 1.07 2.57 1. 09 .70 .25 2 M 
1.04 1. 31 1.04 1.03 .28 2 F 
1.18 4. 72 1.26 .08 .09 1 w 
1. 02 2.65 1. 06 1.05 .28 3 H 
1. 07 1.42 1. 08 .72 .16 7 B 
20 .95 1.45 .96 1.28 .39 4 M 
.91 1. 79 .92 1.42 .42 12 F 
.76 4.11 • 83 1. 83 .53 9 w 
1.06 2.27 1.09 .66 .23 11 H 
1.01 .26 .99 .93 .22 34 B 
26 1.19 3.26 1.23 .32 .11 10 M 
1.16 9.43 1. 31 - .17 -.02 28 F 
1.11 1.72 1.13 .51 .21 25 w 
1.12 3.31 1.17 .13 .10 16 H 
1.12 5.99 1. 22 
-
.45 -.07 45 B 
36 1.25 2.87 1.28 .48 .12 15 M 
1.05 4.04 1.10 .55 .15 26 F 
1.16 2.97 1.20 .49 .15 13 w 
1.12 1. 66 1.13 .40 .15 17 H 
1.07 1. 33 1.07 .59 .13 57 B 
42 1.02 .57 1.01 .92 .30 15 M 
1.09 6.05 1.18 .35 .11 33 F 
1.11 .37 1.10 .so .24 20 w 
1.08 4.96 1.18 .19 .11 17 H 
1.05 3.23 1.09 .28 .0'1 55 B 
*Number of persons who did not answer that question. 
as those demonstrated by the Black group. 
Most of the total mean square residuals in this 
table for all groups are within three standard errors 
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with three exceptions--Male: 1.28 (Item 36); Female: 1.31 
(Item 26); and White: 1.26 (Item 1). These high residu-
als are indicative of a situation where higher ability 
persons failed those items and lower ability persons man-
aged to respond positively to them. 
Item 1, with its total mean squares close to 1, 
does not depart from the model expectations. However, the 
between group mean square values are much higher than the 
total fit value. The item characteristic curves of this 
item reflect irregular progression across ability sub-
groups--with lower ability groups doing better than the 
higher ability groups. This item, therefore, seems to 
have failed to distinguish satisfactorily among the six 
ability subgroups. Low discrimination index values, espe-
cially for Whites, support its lack of proper differen-
tiating function. 
Items 26, 36, and 42 reflect a similar situation. 
Again, the observed item characteristic curves are flatter 
than expected. Again, this is reflected in a higher 
proportion correct for low ability groups but not for high 
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ability groups. This is followed by rather low discrimi-
nation index values and corresponding low point biserials. 
However, the progression across ability subgroups does not 
clearly distinguish the groups. In addition, the "similar 
proportion correct" situation is present. If there were 
only three ability subgroups instead of the present six, 
the low discrimination index values may have approximated 
the reference value of 1. 
Figures 8 - 12 plot the total fit mean square on 
the y axis and the item difficulty on the x axis for each 
of the five groups. It is apparent from these graphs that 
item 36 is one of the most difficult items--for all groups 
(W = 1.619; B = 1.78; H = 1.77; M = 1.489; F = 1.445). 
While its fit statistics do not show a significant misfit, 
its low point biserials may be due to its high difficulty 
for the persons. 
Item 20 shows the highest discrimination index for 
the White group: 1.83. It also has higher values for 
Male (1.28) and Female (1.42) groups. It appears that 
this item discriminates well between the six ability sub-
groups for these three groups (White, Male and Female), 
but not as well for the other two groups (Black and His-
panic) • 
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FIGURE 4 
TOTAL FIT MEAN SQUARE VS. DIFFICULTY - WHITES 
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FIGURE 5 
TOTAL FIT MEAN SQUARE VS. DIFFICULTY - BLACKS 
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FIGURE 6 
TOTAL FIT MEAN SQUARE VS. DIFFICULTY - HISPANICS 
Dt~TAL &C~lSS!O~ TlST QU&~TlT&TlVt CAPPlL IDI HlSPa~lt cBl&S STUDTI 
TOTAL flT Hf&~ Sou&Rt ITI VERSUS DlfFltULTT 1&1 
rl------------------rt------------------lr------------------rr------------------11------------------rr 
z.s r 
I 
I 
I 
I 
I 
I 
J 
I 
I 
-,.,-r 
1 •• 
•• 
I 
I 
t 
49 ll 
Z5 Z9Zl 
45 
16 
31 
u 1S I II 
1914 .13 S ITll 
z• JS ••• 911 J9Z4 
I 
• • Zl ll 
lUI 
•• 
J 
•• 
•• 
36 
u 
Sl 
JZ 
I 
I 
I 
I 
I 
I 
! 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I I 
I I 
I ~ 
: I 
.• 111--------~---------11--------------~---lt------;:;;i;------ll------------------ll-----------------i!~. 
•lolS PLoT SYMBOL • SEQ ~U~BE• 
55 
FIGURE 7 
TOTAL FIT MEAN SQUARE VS. DIFFICULTY - MALES 
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FIGURE 8 
TOTAL FIT MEAN SQUARE VS. DIFFICULTY - FEMALES 
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Item 36 shows low discrimination indices for all 
groups which indicate that this item failed to differen-
tiate among abilities as well as the other items did, and 
these values are followed by low point biserial correla-
tions (between item response and the total test score). 
The between group mean squares for M/F (4.04/2.87) and 
W/B (1.33/2.97) demonstrate the lack of agreement between 
groups. But this may be due to the high difficulty para-
meters of this item (W = 1.619; B = 1.78; H = 1.77; 
M = 1.489; F = 1.445). It is one of the most difficult 
items on the test (notice the number of people who did 
not answer that question). The analysis of the item 
characteristic curves indicates that although fewer per-
sons answered this item correctly (across all the groups) 
some among them were persons of low ability, persons who 
were not expected to answer it positively. 
Item 26, although of average difficulty, demands 
further investigation. The fit between statistics are 
generally very high (B = 5.99; H = 3.31; M = 3.26; 
F = 9.43; for Whites, it is 1.72, relatively lower than 
for the other groups, but it is still higher than the 
value of 1). The important implication of these higher 
fit between statistics for item 26 is that they do not 
fit the Rasch model. An observation of these mean squares 
suggests that Females and Blacks had special difficulty 
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with this item. A reading of that question further sug-
gested that although the question was not biased against 
any group, it required clear reading comprehension to 
understand the problem. Overall, the item appears to be 
rather 'out of line' with such high mean squares, more than 
three times its standard error of .58 above 1. 
Aside from the significant misfits of items 1, 20, 
26, 36, and 42, some other items were found to be slightly 
deviating from the model. An examination of the item 
characteristic curves for item 11 reveals that the lower 
ability groups have consistently performed better than 
expected, and that they had a problem with a smooth left 
to right progression across subgroups. Most every group 
showed a similar proportion correct situation. 
Item 11 item characteristic curves for six 
subgroups: 
Groups 1st 2nd 3rd 4th 5th 6th 
White .26 .49 .48 .60 .52 .72 
Black .35 .29 .28 . 34 .43 .41 
Hispanic .19 .30 .18 .45 . 34 .52 
Male .42 .41 .51 .52 .61 .70 
Female .22 .33 .38 .37 .51 .53 
With its fit statistics generally close to 1, item 11 
does not suggest deviation from the Rasch model, but does 
fail to properly discriminate between groups. These ir-
regular item characteristic curve values are accompanied 
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by low discrimination indices. It seems that three ability 
subgroups may have reflected the movement from left to 
right rather well. 
A similar situation exists in items 14, 15, 18, and 
to some extent, items 28, 32, and 46 which indicates that 
these items are not entirely bad ones, and may have ful-
filled the expectations if only three subgroups of ability 
were considered. In addition, the reverse progression 
present in some of these items may also explain the unusual 
response patterns observed (e.g., the ICC's for the third 
and second subgroups in the White group are: .48 and .49). 
CHAPTER V 
DISCUSSION AND CONCLUSION 
This was primarily an item bias detection study. 
The data used for the analysis was derived from the 
Quantitative Test of the Dental Aptitude Test given in 
April of 1980. An effort was made to demonstrate that the 
50 items of this test could be calibrated utilizing Rasch 
model techniques. Also of interest was the detection of 
bias, if any, of those 50 items and the identification of 
such items so that suggestions could be made for their 
improvement and/or removal. Calculation of Rasch resid-
uals was utilized to accomplish this detection. 
Overall, the analysis of the data found that most 
of the items in the test were in agreement with the Rasch 
model. However, several items were found to be deviating 
from model values and were examined further. 
The response pattern, according to the Rasch 
model, would progress--would increase in proportion correct 
--as it moves from left to right. Some of the items that 
deviated from this assumption were items 11, 14, 15, 18, 
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28, 32, and 46. While these deviations were not signifi-
cant (the mean square residuals were not substantially 
higher than the reference value of 1), a careful check of 
the item characteristic curves revealed that these items 
showed misfit because they had failed to differentiate 
among ability subgroups as compared with the other items. 
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However, significant misfits were seen in items 1, 
20, 26, 36, and 42. Item 26, which was found to be of 
average difficulty, displayed rather high fit between mean 
squares. The failure of this item to differentiate among 
the six ability subgroups is evident from the very low dis-
crimination index values. This item has demonstrated a 
total misfit to the Rasch model. It is interesting to 
note that, although the question was found to be on the 
easy side, several persons in each group (W, B, H, M, and 
F) did not answer it and several more gave incorrect 
answers. There is a possibility that in order to com-
prehend this question, one had to read it very carefully 
to understand the problem at hand. This required de-
voting more time to item 26 for a clearer understanding of 
the problem or a better reading comprehension to begin 
with. More lower ability persons were able to answer this 
question positively--among Blacks and Females, the two 
highest ability subgroups performed most poorly. 
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Items 1 and 20 were also found to be relatively 
easier than items 36 and 42 and displayed a lack of fit. 
It should be noted that these two questions are 'equation-
type' questions (e.g., 30% of 7x/3 = 7; x = ?), and two 
of the earlier questions in a test of 50 questions. Fewer 
persons missed item 20, and a much lower number did not 
answer item 1. The highest ability subgroup did the best 
for both questions--quite as expected--but there was 
little difference among the performance of the remaining 
five subgroups. 
Item 36 proved to be a very difficult item. The 
number of persons not answering this question is higher 
than on the previous three items. That is to say that 
there were fewer persons responding positively to it. 
But then, according to the Rasch model assumptions, that 
is to be expected because of the difficulty of the item 
(the number of successes followed by a string of failures 
as the item difficulty increases). Yet, the deviation 
occurred because among the few who gave correct answers 
were persons of lower abilities--the not-so-smart-group--
who were not supposed to score on this seemingly difficult 
question. One possible explanation of this unusual situ-
ation may be that the verbosity of this question, as that 
of item 26, required one to expend more time just to 
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understand what was being asked. Higher ability persons, 
more conscious of the limited time in which to answer 50 
questions, perhaps wished to answer more questions--all 
50, if possible, thus increasing the proportion of correct 
answers--rather than dwell longer on item 36. While this 
item has not performed as predicted by the model, its 
extreme difficulty balances the test and may not be con-
sidered a 'bad' item. 
Item 42 repeats the same situation that occurred 
in item 36. It exhibits an acceptable total fit mean 
squares but its between group fit statistics show a misfit 
to the model. Again, although the analysis places the 
question on a higher point on the difficulty continuum, 
more low ability persons answered it correctly--notably in 
Blacks, Hispanics, and Females. A slightly higher number 
of persons did not answer this question at all compared to 
item 36 no-responses. 
Although it may be safe to conclude that the Rasch 
analysis has not found any significant trace of bias in 
these questions, some of these more deviating items may be 
corrected to better the test. For example, items 26 and 
42, because of their poor performance, may be removed from 
the test; items 1, 20, and 36 may be retained but could be 
improved if reworded. There is also a possibility that 
some members in the Black and Female groups may have con-
tributed to their misfit. The items may not have 
functioned as expected because of possible influences of 
secondary characteristics such as age or previous educa-
tion. Such troublesome items should be recalibrated 
again, and further exposed to a cumulative analysis. An 
anomalous trend in item residuals, if found repeatedly, 
may be indicative of the item failure. 
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Overall, two interesting patterns have emerged as 
a result of this analysis. There are two types of ques-
tions in this test: (1) questions 1 through 25 may be 
termed as 'equation-type', and (2) questions 51 through 75 
as 'wordy-type." It can be observed from the Table 13 
that everyone in the sample found very few items (no more 
than 5) that were difficult to answer in the 'equation-
type' questions (1 - 25) whereas in the 'wordy-type' ques-
tions (51- 75), difficult items were found to be between 
15 and 19--a rather high number. 
Perhaps because of the directness of the questions, 
more questions have been found to be easier in the 
'equation-type' group and vice versa. However, it may not 
be necessarily due to the item difficulty as such. 
Group 
w 
H 
B 
M 
F 
TABLE 13 
TABULATION OF EASY/DIFFICULT QUESTIONS 
Questions 1 - 25 
I.D. Lower 
than 0 
23 
20 
21 
21 
21 
I.D. Higher 
than 0 
2 
5 
4 
4 
4 
Questions 51 - 75 
I.D. Lower I.D. Higher 
than 0 than 0 
6 19 
10 15 
9 16 
9 16 
8 17 
This table is based on the final estimates of item diffi-
culties. Items with negative values (lower than zero) 
are listed as easy items and those with positive values 
(higher than zero) as difficult ones. 
Another interesting phenomenon observed is the 
time consciousness of the different groups. How a candi-
date perceives the value of limited time available to him 
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or her and how best to use it is an individual candidate's 
preference. Yet the various groups displayed a definite 
direction in understanding this fact. Among groups White, 
Hispanic, and Black, the first two groups had a better 
grasp of this matter than the third group. Of groups Male 
and Female, the Males have been more aware of time factor 
than the Females. This may be seen further as the number 
of persons who do not answer the questions increases toward 
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the end tail of the test. What this means is that, regard-
less of the difficulty of the item, more and more people 
were not able to answer later questions because they ran 
out of time. 
The Rasch Model is a supposition about what happens 
when a person responds to an item. The assumptions that 
the unweighted sum of positively scored responses to an 
item will contain sufficient information to (l) measure a 
person and (2) calibrate an item are unique to this model. 
It is a simple model with immediate relevance to current 
measurement practices. 
The present study, although rather limited in 
scope, was able to demonstrate yet another application of 
the Rasch Model in the item bias detection area. Perhaps 
in the years to come, some students of measurement who 
might wish to probe further into this theory may cross-
validate the results of this study with, for example, 
Angoff's delta plot method. 
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